Oxidation of mitochondrial deoxynucleotide pools by exposure to sodium nitroprusside induces cell death.
Human MutT homolog (hMTH1) hydrolyzes oxidized purine nucleoside triphosphates to monophosphates, thereby avoiding incorporation of such oxidized purines into DNA or RNA. We examined whether hMTH1 prevents cellular dysfunction induced by sodium nitroprusside, a spontaneous NO donor. Exposure to sodium nitroprusside caused an 8-oxoguanine (8-oxoG) buildup in DNA of proliferating MTH1-null cells which underwent mitochondrial degeneration and subsequently died. Quiescent MTH1-null cells also died with 8-oxoG buildup but only when the buildup affected mitochondrial and not nuclear DNA. In both proliferative and quiescent conditions, the accumulation of 8-oxoG in DNA and cell death was effectively prevented by hMTH1. Knockdown of MUTYH in quiescent MTH1-null cells significantly prevented the cell death, suggesting that 8-oxoG incorporated into mitochondrial DNA is a main cause of this form of cell death. To verify this possibility, an artificially modified hMTH1, namely mTP-EGFP-hMTH1, which localizes exclusively in mitochondria, was expressed in MTH1-null cells. mTP-EGFP-hMTH1 selectively prevented buildup of 8-oxoG in mitochondrial but not nuclear DNA after exposure of proliferating cells to sodium nitroprusside, and also efficiently prevented cell death. We thus concluded that exposure of cells to sodium nitroprusside causes oxidation of mitochondrial deoxynucleotide pools, and that buildup of oxidized bases in mitochondrial DNA initiates cell death.